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ABSTRACT

This work describes and l'lustrates fmethoOloqy

for oetermininn cnmmand, 1:0oitrpol, kd 0Mihd 4or n i 'dati ons

(C3) renuirements for remot~ely olloted alt rcraft t RPA),
The effort has been r'e9 rtý ed to ai rborne platforms .!nd

the invest lqatlon of the followina issue•s manned ;Versus

unmanned aircraft* unmanred Aircraft. as weacon delive;.y

olatformr unmanned aircraft as RECON/DES1GNAfTIOr, platform;

C3 requirements for unmanned aircraft; and unmanned aircraft

system cost effectiveness.

Warsaw Pact forces will he led end employed accordinq to

S0oviet ooerational doctrine which calls for offensive

ooprations with hiqhlv mobile, riceply echeloned, and

nurericallv superior land forces, suoported by air end sea.

oower. This massive enemy threat indicates a requirement

that the maximum number of forces be detected, identified,

and dest royed rrior 'o enoaaoina friendly f e.rcesl

Destruction of enemy forces can be accomolis-hed with.,

artillery, attack helicopters, and close air support, if

those tarqets can be identified and located with sufficient

accuracy for timely taroetina.
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This work. describes~amd iflustrates a me~thodolog~y

for determin'inoi icommando control, and commumications

(C3) requiremrents for remotply piloted *lircraft (PPA).

The effort has heaer restricted to airt-)rme clatfr~ms and

the investigation of the iollowina issues:

1. Nignnte versus U'nmanned Aircraft

2 Janmemme A irc-ref t as PAp .3oom De I ivp-ry PlIat f orm

3o Unm~anned Aircraft as PECON/DE5IGNATION Platform

* J4. G3 Reouire'nents for Unmanned AircrAft

S.' Un~manned Aircraft System Cost Effectiveniess

The initial port-ion of the article discusses some of

the factors contributina to the current renewed

interesqt in unmarined aircraft as relatped to future combat

environments anid the threat which may he involved at tme

initiatior. of hostilities. ThIn Is followed by an analysis

of the issues, a descriotion pf a methodology for

.determinima C3 reouire'nents for unmanned aircraft and

finally by A sumimary concerning the issue of system cost

Otf'ect iveniess.
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CHAP~TER It. tAACKGRflLND OF IjNMANNP-D AIRCRAFT

D~uring the VaSSt eW yOarfs the term "remotely

ni Ioted vehicle" (RPV) has t'e~rn used as a descriptor for

un~manned aircraft which havi4 a hiuman ooerator that

mn it(0r: AMM controls ther missions, whiIe the te...m

"drone" Mels heen uSel to of-scribe unmanned aircraft

whose mi ssion were cronrocirammed. The critical feature is

not whether these vphicles areb classifiked as RPV or

d~rone since suich classifications are strictly deoendent

on the desired mission tasks; hut rather that they are

unmanned, an,-l thunt may cost and ooerate differently then

their manned aircraft countproarts. During the remainder

of this article the term "unmanned aircraft" will he used in

a very 3eieral way to tdescrie both RPV and drone type

aircraft whic h a unmanned ano uerform either one-way or

nt~oway missionr as remoterly iloted aircraft (RPA).

UnlIi ke nUClIear weapons and intercontinental

"ballistic missiles (ICRms),e unmanned 'ircraft are not a

sudden and drarati ic technic;0l brealkthrouih. They are a

system whose time has come because of a fortunate

confluence of advaces in teChnology which can odrovide a

new mnilitry system caoaule of matching the trends of

modern wartarre. Mol h Arm "unstines Under Secretary of t he

Arvey, described these t boetds as a hiqh rate oi

attrition in combat, vast Soviet numerical superiority in

Sysem whoe ime h~ coe ecaseof frt~aA



weoons, ani the critica• role of tactical and t.chnical

surnr.Ise.o II

Whi le the Ioe• of a ttlevision-eauiopeel rioo-

controlled Airelame deates hack t'o 1924 in a Hugo

Gernstneck maqazine article L21# the actual first us* in

Norle War TI hen Poor results. Tecmnoloqy was not

Adeouate to orovide the oerformancep accuracy, and

reliaL~ilitv 'eried for an effpctiv' R.

Vietnam saw extensive use ot Firebse taroet drones

flyinc oreoroorpmmel reconnaissance missions. The

oerformmnce, reliat)llity, and survivability of these

drones indicatpe that the RPA was Practical. In the 1973

Arab-Israeli war, thoe IO ovised u~e of RPA demonstrated

a notentia! counter to the devastatina canability of

modern air defense systems.'[31.

Unmanned aircraft can be assigned a wide variety

of missions. These can be considered in terms of

mission intent. En the classical manner missions may be

viewed as heino either stratecic or tactical in nature.

In either case the missions -nay or rmay not include ordnance

delivery.

Modern technoloay has enabled unmanned aircraft to

perform reconnaissance, taroet Hesiqnation, attack, and

electronic warfare missions. ýIhen used for reconnaissance

and attack missionsp tarqet acquisition, atmosnheric

research and laser dIsiqnation, the RPA's versatility In

size and oerformance make them an alternative to

q



mAnne.,j aircraft im many situations.

There i4 a rather clear division of unmanned eiocraft

into two cI sse,: hiph e0ro low-oerformancea High-

neeformance HPA are adrotations or aerivAtives of Present

subsonic and sumersonic air tarqet Orones. These RPA
A

€. n erforr, reconnaissance, tarqet desionation, taroet

Mttackf and electronic warfare missions which in the oast

hmve been the exclusive le•mair of manned aircraft.

Hinh-oerforpance PP& are a hinhly desirable alternative

to manned iircraft when:

1. the tactical situation renuires more aircraft than

are available (or cirn be afforded) from the manned

aircraft fleet;

2. the 6robhabilitvp t.' loss of the mission aircraft Is

areater than can be accented; and/or f
3. the mission can r, executed by RPA at a lower total

system cost than by a manned aircraft.

The low-cerformance, or "mimi RPA" is a high

technolnoy military version of the model airolane. while

the ultimate uses of this RPA remairn to be

determined, its many oossihilities are excitina and

offer onoortunities to increase the combat effectiveness

of ouir qround, ninval, aMn4 air force at a very modest

€oqt,[(il|, Deoenlinq uoon mission and corfiv,ýration,



.mni-.PA.. can orojvde an abundant, low cOst alternative to

f iw e4 ,t a.- y wino aircraft far reconnaissance,

tarcle' aCauiSition ani I esianation, and electronic

'• . a ,r at- ooeration,. I.n an attack mcde, as a kamikaze

pr'C ., i On Oki "d munition, they may be used to

"" :,su••0 l erm•t r' ,eolace oui cled bombs, ai r-to-sur face and

iJJ

';. , ',,-u•'•e.e t~o,•l-ý3 face ni SSi I es, a n d c no -launched

, * .,,., . n e ;•1 s 5

' 4"'' \ ' i

"T • , S T~r• fundamental facto~rs have he.lped t o focus

Y.'' ' tbe int.epest now seen in the possib~le military use of the

I 'V
1. The increaslnc lethality of anti-aircraft defenses.

2. The or:s:nt level of :irc:aft and equi:ment costs.

3.•; 11,•e teChnol o-liCal advances of electronic and

avionic equlo~ent.

Tne P 0 A offersr the ootential for counteracting

enemy oround-to-al r. defense systems while relucing

oeesomnen losses.

N* '
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CH4PTER Ill. IN01-YSTS OF THL ISSUES

The choices facinn decision-makers concerning

wemoons systems that may helo shane the the roles that

U. S. forces play in future confrontations are

comolex A nd c r it ic a . R-ardlIess 0of the final arsenal

assemrIed, at the ti-e hcstiliti.S Are initiatea, asoects of

com-ani, control, an. communications (C3) will imoact the

totar caoabilities of the Ii. S. forces.

For examole; in EuJrooe, chtliceq of this nature dpoend on

an assessment not only of costs* but also of the

military CaOabflities of the allies and the 6arsew Pact.

Assessment of alliel caoabilities is necessary because the

relationshio amona NATO forces in the Central region is

Such that a weakness in one Sector of the front

could threaten the nefense of the entire front.

4. FIREPO)4ER iHPEAT (N EUJROPE

Fireonwer and maneuver are twm of the essential

elements of modern around combat. Although maneuver brings

firepower to bear on enemy taraets, it is the eoplication of

fireoower that destroys thoSe taroets.

Direct fire ,urounrl forces almost certainly can

deliver more sustaineH firpoower and destroy enemy

12



O'rmore formatiOns morp effectively then close air support .0

SforCet of "nual c t, However, oround forces 'aCk the

cenability o, airrorne fireonwor assets to covor longq

distances ouiCkly, ?o meer an attack or to Carry the battle

to thp enemV.

Firepower assqts can also be defined in terms of

how Ouicbly they can be brouoht to hear in the European

Central Peoitn. "!mmediately availarle assets" are those

attached to active nround anrm air forces located in'

Central Eurone. "Early roinf orccments" can be described as s

those arounM and air units that can toe sent to the

Central relion in a 4 ew days or a week---for example, allied

ready resprve units In Eurooe, U. S. tactical air

siuadrons based in the United States, and airlifted 1). S.

S•round ferces *hose he.avy equipment is stored in Europe.

"Later -einforcements," S uch as I'. S. qround forces

travellinc, hy sea, are those that ta:e weeks to comolete

the move to Euroce.

The Onitel Srat-s and its NATO allies appear to be at

a numerical niseovantaqe In immediately available ground

force firenower wcanons when comnared to the WJarsaw Pact.

This apoerent diSpArityv ray he exaoqerated by differences

in the iuality, doctrine, roles, and orqanization of

NATO and P-arsaw Pact forces. VWhether the overall

balanCP is unfavorable or not, however, Karsaw Pact

forces coul. I noosioly oain a sianificant local

advantace over NiATO hy massina fcr an attack, thus

13



c,'eatinq a need for nuiCk reinforzements.

Althouqn the Pact's initial numerical advantaqe seems

to Oe'w.i'ely aCCpcte((. factors other than numbers of weapons

in units also affect the hblance of fireoower
S..

capabilities between rlAro ano the Narsew Pact. One such

factor is the ouality of arms. For example, not only do the

Soviets have !ore artillery, but several of their

weacons have -jeatkr ranaes And rates of fire than MATO

artillery,[ l. (1n the otner hand" AlIfost all 'ATO

artillery in Euroop is s-lf-cropelled and has some armor

olatina, a akinc it less vulnerable to enemy fire than

the hulk of Soviet artillery, which lacks crew protection.

Ooct.'ine also aflects the fireoower balance. The

Soviets emphasize cor.ductinc offensive operations at the

earliest Dossible moment in the conflict, and they stress

achievinq fir# Suneriority over the enemy. Sovie.

doctrine for attaininn this suneriority emphasizes massinq

laroe nupbers of artiIlerv at the breakthrouah oir t,

conductini a orolonoed, intense artillery barrane to

destroy eneqry stronoooints and disropt enemy control and

reinforcement, and then attackinq immediately with h

tar.k s and motorized infantry 8lor1o the path areoared

by the artillery harraqe.(7]. This doctrine for

artillery firP and the less Sophisticated Pact ammunition

make it netessary for the Pact to use laroe amounts of

artillerv. These nuns deliver an enormous volume of fire on

laroe areas of the battlefield rather than on Particular

• 'T --- "•:- - ": 'T . . . . . . . • . . . . . . . . . . . . ..... .. . ..... . .. . . ... • _i, •l



hATO doctrir•e, on the other hind, emphasizes

using artillery to attack particular bAttlefield

raroets that threeten qrouni forces. The suoerior accuracy

end lethality of NATO artillery weaoons is exnected to

permit these targets to he destroyed without employing

orolooaeel, disruptive fire over large areas oi theIbat tIef i el J.

Some tyoes ot weapons---especially antitank

guiled munitions (,TG"s)---appear oarticularly suited to

defensive onerations, while other weapons---especially

tanks---are often regarded ac most effective for

offensive maneuvers. Thus in assessing Soviet 3n, NATO

fi'recower caoabilities, it may be misleadinq to rely

solely or Iirect comoarisons of their tanks, without

considerinn that the dpfensive advantages of NATO

antitank missiles may partially compensate for Soviet

aovant•cies in numbers of tanks.

A fourth factor in the firepower balance is

the organization of fireoower assets. The Warsaw

Pact's fireoower assets are o-ganized to attack or

defend in a denth of tvo or three ranks or "echelons."

Conseauently, only a nortion of the entire force is

directly enoaoed with enemy forces at any one time. ohen

units of the fi.rst echelon have become ineffective

through combat losses, they are replaced by units from the

second echelon. Tha second echelons take up the fight

15



until they, in turn, need reclacement. Units Qufled back

to the rear are rebuilt and maoe ready to reJoIn the

battle. This "unit reolAcement acoroach oermits Warsaw

Pact forces to 4noeoe in continuous ground combat while

attemotina to maintain a fairly hioh level of

effectiveness.

In contrast, rather than oullimo entire units out of

the line, ,iIs T 0 rounm forces are exoected to renlace

comoat losses on an individual and continuous basis.

Thus, a sizeable cortion of NATO's assets are

retained in maintenance and war reserve stocks.18).

a fifth imvortant factor 6ffectinq the fireoower

balance is mot-ilization time. The immediate numerical

balance of orincipal firepower assets is unfavorable to

NATO. A short moý)ilization time woild emake the numerical

balance even more unfivorable, since the Soviets can deoloy

forces over lan1 from the Soviet Union faster than

the Unirpd States cAn deoloy forces from North America.

These factors of ouality, weapons mix,

doctrine, oraonization and available mobilization time

clearly affect the balanco of firepower capabilities,

thouoh it is difficult to assess their orecise impact. It

is clear rc the author* however, that conclusions about

NATO firenower cacabilities based on numerical comparisons

of weapons in units should be Qualified to account for

these factors.

Nevertheless, the availability of such extensive

lb



Warsew -Pact iround force firepower assets in Euromo,

esoecial1v whirn counleci with the emphasis of Soviet

military doctrine (n offensive operations [9), Should

i oromot Concern. This concern is heiahtened by the

oossibilitv that a Pact attack on western Lurope could

OCCur with very little warnimn, could be aimed at reoidly

overwhel•ini N\IAT(.O lfenses in a short, very intense

war, and couJ ý e conducted initially with forces in

Eastern Eurnoe, withoujt reinforcements. These Narsaw

Pact forces orobahly would mass aqainst relatively weak

points in NATO's riefenses and cculd achieve large

concentrations of force anywhere aloni the East-West

border. Thus, it is onssible that---whatever the overall

balance---if NATO has little time to mobilize, its fireoower

capabilities may be inaienuate at the point of attack.

In addition to firepower balance, it is necessary

to unierstand the role Of the manned aircraft in the

Central Eurooean scenario before the value of the RPA

can be considered.

B. USE OF 'VANNED AIRCRAFT

Airborne fireoower, with its ability to

Concentrate ouicklv, may partly compensate for

deficiencies in around force firecower, depending on how

it is ornanized And aoolied. Tt is clear to the author

that the allies and the United States have different

17



antroacqes to the usp of airborne flre•ower, althouQh

it is 'Jiffieflt t'l SAY Which AOtDOSch is more effective.

Currentlyi, the 1,.A)0 Alli@s have essentially no sneclalized

attack melicooter forces. They use multimission airceaft

for fireoower suorort of qrounmr trOODS, while the

United States aooors to increasinqly deoend on

snecialized aircraft fnr Qrouno attack missions.

The Eurooear '"A O r41 1 ils not only lack the number

ant sophisticated kinoi of U. S. attack helicopter assetsp

but they also COSSihlv. olan to use the assets they do

have differently. In contraSt to the expected U. S.

oractice of atthching some arr'-d helicopters to nround force

divisionS, the European a. .es anoear to prefer to use

the ielicoote@- as a Corps reserve force. The United States

would Prohoaly us1 armed helicopters to haraSS or

delay an attackinq force or to reinforce a defensive

positiOn from which iround forces have been transferred to

meet F threat elsewhere. It aorears to the author that the

allies woulo orefer to hold their helicopters in

reserve ano commit them only when an enemy breakthrouqh

could not be stooped by around forces. Indeed, some

allies, notably the Rritish, do not believe in using

Attack helicootera near the forward line of own trooos

(FLOT).flOl. Althouah the allied aonroach seems to oe in

keevina wit" the small size and liaht Armament of their

current helirooter forces, it woula apoear to reduce the

ootential Pffect of th*se forces on the initial battle,

7 . --



where their firpoower Tyv well be of greatest value.

The allies' close air Iunoort caoabilities are

more exten3ivs th their attack heliCoateP CApablftitts,

but the rationale hehind their choice of weapon$ is

similar. The United States assets aopear to the autho' to

be increasinaly ahhasiinn Phi destruction of individual

tanks with QUn and Ouid^d missile fire from slow-flying

aircraft ooeretina from behind frien-lly forces. !he allies,

by contraSt, seem to have chostn not to invest in

srecialized aircraft for this tyne of ci)mbat; they seem to

prefer to ':eliver scatterable area-tyoe weapons at very

hleh sneeds and low altitudes at some ,Iistamn¢ behind mnemy

wines, overflvinq enemy forces enOI defenses in the

ornCess. I'm aoditi o, unlite the United States, most alfles

d10 not stress the role of the Forwarn Air Controller in

coordinatin3 air strikes with o'-ound force noerations.

Thus, Maeny Of t e allies Iac k both the nersonnel

and the oractice re'7uired fnr close cooroination of air

S trikes and , rOunr o r cOe ooePraionr. Vdhat the allies call

"close air suorort," the United States would consider

"battlefield interdiction"---tsat is, disruptinq enemy troopo

movements severa" kilometers beyond the FLOT, with little

coordination between friendly air and around forces.

Tn oractice, there are authors who hypothesize that

these doctrinal and orocedural differences between the

Unitei States and the N4TO allies do not significantly

affect the conduct of military onerations. Desoito the

• " -- -- r , , • .... . .rL, ' .. . . ..1 9



*oor~t o~c'lual d~f@:r~~BU.S. clog* air uor

ai ircraft coulm Orb ly h ffoctively uqed to

reimforc4 Alliam orouni f•orC•s. StilI, if thq IJnri te

States wis•e41 to emohesiF its ability tm Drovide this kind

of flexible air sutoort tn the allies, it should strive to

better coordinate close air suopoet orocedures end

doctrine, ir, orner to ensure mawimurn C3 effectiveness of

U. S. su'DO•rt.

Like the allies, r"e United States is

nlannini irmorovements in the oualjty, rather than a dramatic

increase in the number, of its artillery Pieces. The U.

S. is oursuino its obiective of increasing the ranqe,

volume of fire, ano lethealitv of its artillery through 3

number of mroarams, many of whiCh involve only small

near-term CoStS. These include fittinq lonqer oun tuoes to

existinq 155 mm and eiqht inch howitzers;

nrocurinq rocket-assisted orojectiles for preater ranqe;

develonino and orocurinQ imoroved conventional munitions

t'at scatter homhlets over wide areas; developing laser-

atjided artillery shells that can accurately strike

tanks and other noint tarnets; and develoninq imoroved

artillery-locarin-i radars and a computerized fire-

Suonort coordination canabilizy. Finally 83 a complement to

its cannon artillery, the United States is also

develooino the General Suonort Rocket System---a multiole

rocket launcher caobhle of deliverino a hiqh volume of fire

very rAcidly. An accelerated develooment schedule may make

- 20
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rMis $vytem av~ilbhle hv the early IQ$Os.

T he Unit1 St0et mnw has an inventory of miprOw-

b odieid rket A *'sc M ne P ',me ,a Prmq Cobra 1etlicootr

wIiCh Con!litUte an Intearal oart Of te f i r 0ower Of

almost all U. S. Army divisi•Ons Their sole Dwouoe. is

deliverinm i'aýnce on ) i0ttletlild targets, These

aircraft are inten'-ed to flv close to the gro-jndr uuirg

terrr i' AonI v.)etation to conceal th^m from enemy view eno

attack. V.ith the A)$qStenc0 Of StOut helicoptors fIyimq

with similar tactics, they locate enemy qround fonrce

tarqets an' climnt from their concealed nositions only long

enough to fire wpanono at the tarqet before descending

a nd movincl in under cover.

The Army is in the midst of a orogram to convert

almost 700 exi tina Cobra helicooters to carry einht TOA

ATG's, anri to erocure 30S identicelly equipped new

Cobras.i111. This oro•' will provide IJ. S. forces with

i hihly IV ot'ile antitank caoability, Vith t he aodition

Of limit e niaht-viSion ca ability, this antitank force

will have an improved ceoability to fi0ht in oarkness.

There are two allemed oroblems with the Cobra/TOW.

First, as A modified aircraft of the Vietnam *ra, it is

sail to lack sufficient armor protection for a Eurooean

battlefield. Secono, because the aircraft must emerge from

cover for ur) to IS secondS in order to visually nuide its

TNo¢ missile to the tarqetp, it is said to be vulnereOle to

enemy detection And: destruction. To alleviate those

2!



r ny49 levlr~inqtmpAqvAmCod Attack

4MM1 a I Q47, at encst of 6i5.cM "Ilion each. The total

Cost Of :t tOrnop~m will he about $4.1 hilHor. Th

h iIt. '2 ct onrtajmt1 I p t wil I I re t he HeI1 ti re las er -

ouilem -isitle, which follows a laser beam --- dir~ected

ona t 4Po'ýot Ov a orournd obse rve r ano ther a ircra f t or by

the AAM itsqlf.--An strikes its eme-y tarcet accurately,

Oo'J.er the enemy tarqpt i % desionateri by a eiroumd observer aoP

Amot'4er a ire r -ft t h. e AAH wif 4 1te a hIe t o f ire the

missile from a Comoletely concealea r)'sltioM# thus

reelucinn its chancos of t~einq attacked by the enemy.
Desoite these advAntaoes# the A4A is not without[

oroblerms. Th e oro un d laser desiqnators are# of courses

vulmorAt'le to iumnressima fire, amd th!y may very well lack

adoauate ri-le to frove into Position if an attack

comes with littlob WArnil"IC. 'hp Scout helicooters that

desionate tArnets for the AAH must exonse themselves

durina the entire riSSilo, fliaht; lackinq armor Drotection

or 0efensive armnament, they are as vulnerable to

C~estructiorn as the 4AM- its$-If. Thes AAtl can# of course*

desianate t~rapts for its own M-issi~es without the

assistance o f Scoujt helicootris, buIt i ts resulIti mg

exposure reduces the advant~aqe o~f the Hellfire missile.



IS tP &AH 1s strtuCk by one or two ul lets---the k1rni of

small-arms tPeeat to Aircraft exooriencerJ in Vietnam-

t -- It 4 POr woula orotect it. th nost severe threats

to the AtPMCk heliCon er in Europe rpe, however, the Soviet

reaer-directoa ZSU 23 mm four-berrelled anti-aircraft qun,

the SA-7 h~nd-mell onti-air•caft missile, and SA-- and SA-9

surface-to-air missil,,. Te ZSU-?3 delivers a very high

vo I U of fi r6, if th e AH I it strjCk bY one of its

volleys or ty one of thp apti-aircraft missiles, the

hel iCooter will nprotahly be destroyed.

Close air s',jrort aircrsft constitute a seconi tvoe

of airborne firenower assets. The U. S. defines close

air sucor, t As the Melivvry of air weacons in close

coordination with riround force movements, which implies the

oresenCe Of a Forward Air Cnntr', lor for coordination.

ýYhile tho Unjitel States currently nerforms close air SuOoort

with 1-7D Artacw Air-craft, suoolenented by F-'s and all-

weather canible F- ItI fihtpr-bomher aircraft as needed and

available, Phe Air Force is introducinq an aircraft

cesionel solely for close air suooort --- the A-1O. The A-10

is aesianej to be a simole runoed aircraft witir a large

weapons canacity And antitank canability. It carries a

30 mm cannon, which fires armor-riercinq ammunition

at a very hiah rate, and as many as six ',iaverick quided

missiles. lecAuse ot its large size and slow sneed, the

mircraft ca'n Oest survive combat by avoidinq enemy air

defenses. Its orimary tactic is therefore to fly
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low tehind frionaly forces, "oOpouno vO" only lonq enough to

%trike An On'!v tArrlIt With th* OUn or a mis1llo. Desoite

some vuInraniIit i t,3 t he rmy ano the Air Force uelittve

that tho Lo(O c.n survive Comtat if it uses e•O~pptiate

tactics and is assisted by other aircraft that attack enemvy

air defemses.

Th utse of U. S. attack helicopters to supolement

A 11iee firpnoer CaCRhilitieS woul also raise

coroinatiOn oropcles. U. S. attack helicopters

currentlv ooerae 3. an extension of, and in close

conrdimat i on w irt, ciround forces. The difficulties of

Sachieviro close coop"inatiOn between U. S. helicopters ano

A11ie around forces voul be exacerbated tY the

lanoujaoe nn-i nroredural differences of the other NATO

forces.

The orinciD'jl constraints on the utility of the A-10

in Eurone are its lack of a ninht and adverse-

weather caoahilitv, the limited numoer of aircraft

cLInrmtl for leoloyment to Euroce and a shortale Of

aircraft S thelters laros enokjoh to accommodate the A-1O.

These constraints tecnme sionificant when corsidereo in

lioht of the Pact'S ability to choose the time and

weatker in which to attack. If there were little warning of

attack, NATO would need more aerial ntitank firepower than

in a loniqr ar'nino scenario.

The use of u. S. aircraft to .lelay enemy attacks

on alliei forces And to ,destroy enemy tanks and

2I_



semored vehicles €ou:d heln the allies hold their -

defensive oosltioms until qround force reinforcement$ could

t,e shifted from other seCtOrS of the Central Front or

h i oed from the United States.

the orincioal misadvantaQe of this ootion is that,

while manne. aircraft can supolement qround forces, they

cannot suhstitute for them: they can neither deliver a

sustained voltime Of fire enuivalent to grourd forces of

ecwal cost nor holm or take territory. Thosp factors make

thp kine of close air suooort reinforcement described

here a temporary rather than a long-term substitute for

qroun.. forces.

The analysis of the manned versus unmanned aircraft

i3sue underscores the oreviouslv dis'ussed vroblemt

re;ate-I to aeria.l tactical warfare while attempting to

shoo that remotelv oiloted aircraft (PFA) could

oosSibly be a isirahle alternative to manned aircraft

when the tactical situation reouires more mircraft than are

available (or can be afforded) in the manned aircraft

fleet; he nrobability of loss of the mission aircraft and

oilot is oreater than car. le accepted; and/or the

missiorn ca, he executed at e lower total System cost than by

a manne1 aircrdf .

Throuoh th e yeas, manned military aircraft have

steadily drown in Comolexity and cosz. A major factor

contributi:ii to both comoleyity and cost is the need for

orovidino the oilot with comorehensive information



ani Personal orotectlon. rn fact, carryino the human

nooeratr onboard comcounds the "Costs" in that it limits the

eircraft's mlneuvrabilitv. Pilots are valuable
Personnelr it hus tecome increasingly t mio-tamt on

military$, economic, 8an4 oolitical qrou-nds to Orotect

their lives ant Prevent their caoture. Even thouoh one-way

tactical miqi n0s would often be of value, they are

unassimnahle in terms of the hint Cost of oilot exoeriencer

to say nothinn of the value of the human life in our

cultural context.

meaoon systems can Ie fully automated so that

once released they Perform as orogrammed. However,

intellioence systems are not Perfect, and it is difficult

to anticioate the exiqencies which may be encountered

'durini a mission. With greater destructive power comes

greater resconsibility for maintaining human control

over the weavon until thp moment of its final disposition.

The vAlue of eaoonry is qreat!y enhanced by including

hun'ar intelliaerce.in the operational system. The use of

RPA allows the human operator to be in a position to

monitor or assume direct control# yet be removed from the

weanon olatform.

Thinkirnv AlOno these lines, one may ask the

followino quastinns: Itf we rust or want to use an air

venicle, why must w, also havc. a human ooerator In it? How

much of the time, (i.e., during whAt fraction of a

Combat sortie), is the human operator really needed? The
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onhoard oilot is only needed when the operator

has tc "see" qomethino---discriminate and decide.

A omnwino oroolem in taCtiCal warfare onerations (and,.

the author suspects that analoqous ones exist for other

kinds of onerations) the imorovement of accuracy in

ordn anCC elivery in tho face of imorovements to

enPrV air def.nses, while dpcreAsinq costs and air-crew

losses?

The essence of the solution# i.e.P reducino the loss of

manned aircraft an., crews, is the real-time utilization

of man's inherent canabilities of discrimination and

decision by means whiCh let the operator stay remote

from the actue! f rine zone. The RPA should be thought o f

as a ouidance a3nd contrcl system. It is a quidance

caoahility orovidino for 'uhstantial real-time tactical

decisior-makinq essentially as oresently done ty pilots in

manned aircraft. rhat is whet is meant by "Piloted" In

"WPA." WPA ccIn bhP. two-way or one-way vehicles.

They can carry warheads or only reconnaissance (RECCE)

or cCmunncetions near. They are not necessarily drones--

-which may o0 may not be remotely controlled, but are

not remotely Dilotel. The RPA is a standoff guidance

system. It orovicies the capability and the opportunity to

oreserve and exolnit the operator's uniaue real-time

abilities without requirin) that the operator be exoosed

to the most lethal environments of tactical aerial

warfare. Th=t is what i meant by "man-In-the-loo0."

27
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In comprsison with manned aircraft, tactical RPA offer

the followi"o notenriAl aevintale :

1. opretre much closer to the target because

of reduced size and risk to the onerator;

Ž. nresent a smaller taroet to defending

ant iaircraft artillery (AAA) and

surface-to-air nissiles (S341s);

3. delay weaoon release until the-' are very

close to and very sure of the desired target;

4. do not risk oilot loss.

tn Oeneral, the RP4 can find profitable

aoolication wTherever enemy air defenses can be exnected to

exact huh loss rates; whenever the attacker cannot

afford to miss an aiim Point; whenever the target or tarqet

comolex does not reniuire a laroe weiaht of ordnance

over a large area; wheniver tne human body cannot tolerate

orescribed maneuvers or endure other flight conditions,

and whenever human discrimination, judqment, and decision

must enter the lethal environments of an area defended

by modern anti-Air weaoons.(12).

C. ANALYSIS. OF UNmNNNEO AIRCRAFT AS WEAPON DFLIVERY PLATFORM
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I..
Survivability of fix Pd en. rotary-wln aircraft, both

as ir aS iividual mission aircraft and as essential

oroamizational commonents of a modern integrated air-

ground force, is a critical issue today. Fop the past

decade the ability of orounn air-dpfense systems to

shoot down aircraft has been increasing at a greater rate

than has the survival ability of manned aircraft. Unless

trois trend is revcrsei, tactical air and air-mobile forces

will no longer he able to make a mejor and sustained

contribution to winnino the battle on the ground.

As individual aircraft, RPA have a higher Probability

of survivina a combat mission than do larger, manned

aircraft. All "observable sionatures"-radar, infrared,

visual, and aurpl---are much lower for RPA than for

manned aircraft suitable for the same tactical

missions. (131

In the case of mini PPA, these 3iqnatures, as seen by

the hostile def~nsep aocroach the vanishino Doint. RPA

oresent a much smaller vulnerable taroet to be hit by an

imoact munition or the fraqments of a proximity-fused

munnition---a major gain in aircraft survivability.

This RPA survivability, if combinea with very

laf-oe numbers of them, could give the air unit commander

freedom to unoertake missions considered desirable or

essential but too hazardous to risk a manned aircraft. It

is inevitable that a hloh and sustained attrition

rate will hAve a negative influence on the ooerational
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decisions Of the COMMAnIder of a manned aircraft unit.

In An effort to oreserve assioned forces, when the

commxn-er han any choice on which taroets to attack

with mannrid aircraft, that COmmander will favor those with

a lower attrition rare even if of lesser value; or

wilt adoor mission-execution modes which will reduce

the unit's attrition rate .lthough the effectiveness of

t-e mission may suf er.

viith only a limited numher of costly and (at least in

the near terr) irreolaceahle aircraft and 011ots,

overational caution will be a powerful factor in a

commander's decisions. The Israelis have already faced

this issue. Their former Chief of Staff, David Elazarp

has stated that close air Suooort has been droooed as an air

mission because ir has become too costly for the results

achieved.[114 .

Tactical utilization of RPA could include strike

missions conoucted in close suvoort of shin or ground

forces. The tarcets will possibly be well known in

olsition, highly orotected and of high value. Here, the

RPA may become the weaoon, by carryino ordnance directly

onto the tarqet, and be used to destroy SAM sites#

bridoes, individual %hioos factories# ano so forth.

Alternatively, the RPA could be used for deliverinq

ordnance with a recovery maneuver so as to decrease the

weacon system cost throuah re-use, or serve as a target

desianator for weApons to b' delivered from other
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aircraft Or other RPA. In oeneral, the taraetinq Should

be sufficiently snerific so that the enroute route ohase

c.,Cn he nreolannp'1 usino the latest intelliqence and nerheos

vrogramed intO the aut•oilot.

Low altitude strike missions may also include the

problem of findino and destroying taroets of

Opportunity. Interdictive strike missionS may be used to

oenv movement or rest to the enemy tnrouch intermittent

strikes at *taqinq areas, key roAd junctions, rail

marshallinq yArds, and so forth. The intent of such

qeneral harassment missions might be to deliver

prop,,anda leaflets; biolooical/chemical warfare

wee-oons; Chaff; jammers; to olace sensors and/or mines or

other COnvontionl ordnance; or simply to cause

activation of air defense systems.

RPA could oossibly be flown in seauence and/or

formation in such a wAY as to reveal and deplete the

enemy's defense caoahility. A second strike force of manned

aircraft Could Moosibly be timel to apoear just when the

enemy's respon¶ive canAbility has been temporarily

exhausted. RPA may be used in spoofing; that is, to

simulate a bomber or other type of aircraft through the use

of an aooronriate transponder or radar cross-seCtion

reflectors. Used in force, remotely ciloted aircraft may

simulate an air umbrella over an imaginary fleet of shiosp

thus confusinq enemy reconnaissance; or fly over enemy

territory in wavs so am to misleao the enemy commander as to
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the actuAl direct-ion of the attack.

If tactical %lr and %ir-mobile forces are to carry

out their loctrinl Missions, the effectiveness of

hostile oround-to-air defenses must be reduceo through

intense, Istained, lethal# and nonlethal air-edfense-

suoores$ion onerati cps. At the oresentp the United

States' primary means are attacks launched from manned

aircraft. This misRion deliherately oits friencily manned

aircraft aoainst tn" enemy system designed to shoot

them down, ich listorically results in hiqh attrition

rates.

The PPA offers the potential of becoming the instrument

to challenoe rr oossibly defeat an o0oosing enemy air

defense system. P4 couln be built in large auantities- and

ooerated in large numbers in the enemv's airspace so as to

force the enemy air defense systems into a hiqher

level of electromAonetic radiation end shcotino. This

Could cause an increased expenditure of munitions by the

enemy air defense. units and reveal their positions, thus

subjecting t hem to attack.

Such a deliberate end intense confrontation between

RPA and hostile air defenses should Quickly reduce the

number and effectiveness of enemy air defense units and

make the surviving defenders oun-shy, thus oermitting both

manned and RPA to ext.ute their other combat missionM

with greeter freedom of action, in a more effective way#

and with lower attrition rates.
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0, ANAJLYSIS OF IUJ'IINED AIRCRAFT AS RECON/tIESIGNATIUN

PLA TFOPP4

To succ¢ssfully defeat the enemy, the eommender of

today must be able ýo recoanize enemy intentiOns and take

positlve action at the earliest possible time. Senior

commanders Tust:

1. see the 6attlefiela

2. direct the ,•rellioene effort,

3. develjp a conceot of ooprations,

4. allocate assets, j
e. sustain the forces, ane

b. Olen and execute centralized ooerations for

effective C3 that will interface the approoriate

battlefield systems.

It is not by coincidence that "seeinq" the battlefield

is listed first. Only by "seeino" the battlefield to the

deoth necessary to identify ano track the movement of the

enemy smcond- ano tirh-ec(*elon forces can the commanders

Perform the other functions expected of them, esoecially at

the riqht time an v c f-v. TmP reauirement for the

commanders* to "see" the hattlefield has resulted in an

Increase in the amount of information required by the

333
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eommondetr 9n the orlanic staff.

One of the 'Tajor Penuire~qntS for 0 tart ica) Command

and control CC;) system is the availability of

accurate, real-time oOsition Information on friendly

personne), vehicle I en d aircraft. This is *spotaelIy

true when ooeratina durinQ the hours of darkness and in

thosi oarts of the worI1I that are jevoid of Prominent

torcain feluro. The PPA couli oos$ibly orovide a

means of collectinop transmittino and/or retransmitting

vital infnrmatinn to organic staff elements so that data

and information can be orovided to the appropriatete

Commender in sufficient time to allow decisions to be

renderp@i tnat could sionificantly influence the combat

SSituation at some noint in the future.

•PA may te assiqned to surveillance missions to

cover oarticular battlefields or areas of ocean. They may

Provide early warninq anainst land, sea, or- air attacks,

monitor Ar3 track enemy moveMents, serve to identify any

modification of enemy held terrain throuah use of repetitive

video recordinq or photoqraohy in the visual range,

infrered, .ltraviolet, or combination thereof or through the

use Of movina tirget indicatinoq (MTI) radar. Search

and rencue missions mioht honefit from the use of RPA.

Herefor examole the RPA miqht be used to drop an encoded

transoonder, critical suonlies, or even to provide urgently

require'i defpnsive materiels such as ammunition and

anti-oersonnel mines after detecting and locating a
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sujrrnum-lei irounci unimt.

Te RPA oa r rovtoe unmanned tar1et

acauisition, rconnaissance, and Adjustment of artillery

firel, as wll as taraet desiqnatlon and damage

asse$3met't forward of the line of contact in support of

combat elmemets. recerdino on the tactica] situation and

•he orinrities established by suooorteo Commenders, the RPA

S•Stem Couli ho usel to enhance the aelivery of cannon and

aeneral sunoort rocket fires for close suoport, counterfire,

suonres$on of eenv y air r (SEAL)) and area

deni3l utilizina scatterable mines. In addition the RPA may

also he usei to orovide data to division artillery for

the ulJete 'urino or following nuclear exchanges on the

battlefield.

The RPA as a reconnaissance and

tareet acquisition/designation system will cue, be cued

by, and comclement other target .acquisitlon,

riconnaissance and surve:llance systems, to include minned

aircraft. IMaoeryfrom the PPA sensor system should

orovide sufficient resolution to detect, classify,

recognize, and locate hostile field artillery and air

'JefesIse weaoons (to Include those with nuclear delivery

caoaLilitV), wheeled or tracked vehicles, personnel

COmorisinq olatonn or larmer sized units, structures and

terr in cAoable of containing command posts, SuoDly

noints; to naK9 lAmage assessments; and to update the

nuclear tarqets.

|. 3 5
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S ovi9t excloitation of their own

technolooical lieveloomentA ,as oroducea increasingly stronq

forwnrrl oartle aire surfaci-to-air defenses a nd, at

the SAme time, Stranothenel the need fop U. S. combat

Rucaort to Mell offset tne massive enemy Qround force

fire oower ootential. The enemy tactical air defense

system. unleSs Countered, will seriously decrease the

C loa ilrtv f a Ir forces to nopovide the reauired fire

suooort to friendly orouno forces. Presumably, the latter

con-ition is a ooal indicative of the enemy's corncrn for

the effect of tmat fire Power on their own forces. Three

oossible resonnseq to oermit delivery of fire suooort in the

face of hiqhlv effective, mobile, anl croli~erated air

defenses are to 4molov standoff weeoons to alleviate the

n ee d for oema~tration in oroviaino aerial fire support;

reduce the air defense effectiveness (decoyst jamming,

h•anssernts etc.); or destroy the defenses. To

successfully deliver wea('ons aoainst qround taroets (by

whatever Tpans---ranned aircraft, RPA, of. standoff

missiles), it is necessary to accomolish a variety of

SupDortinq functions SUCh as reconnaissance, surveillance,

tarlet develoonent, identification, and aCouiSition, laser

designation for quiclod weeoons, fire Adjustment, and strike

control. 1151 .

This diverse set of missions can he satisfied by

a relatively small number of functional

caoabilities: otservation of the area or item of
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interest it h amn 0ron r t e sensor , i. e., one that

cam nroviie tne kini ondI nuality Of nra reQuired by the

mission), !i~ermination of teraet oosittome and nrovision

of a means of fire control 4nd adjustment. The benefits

from Ronlyino the human' S memorv reasoninq, and

decisiom-m•kina Caoacity in these orocesses is clear.

In ate-notino to orevies tthese ,eJpahilitles, there are

Al.vamtAIes f e 1 inpd in ocerAtinq from An elevated

OlAtform close to tho objective area, with whatever

soecific C oaoilitiCs miorht be required to 6ccomoligh

the tRSK. this means emplovinq an aporooriate set of

vehicles an-I ooeritional concevts that satisfies the mission

reauire-ments •ithif tolerable cost bounds. The

Ievelooi -0 i e of the technoloaically advanced

batttlefielIH--lare num'ers of mobile, hArd target elements

that must be locatei orecisely and struck

accurately---cnmhinpd with the environmental constraints of

noor Aeather 3n, r)mnh teprain indicate that a low, slow,

maneuverable olatform is oreferrem.Ubl1. The increasingly

hostile environment over and beyond the FLOT caused by the

qroainq surface-to-air defense system effectiveness mak s

the usO of manned aircraft Systems in this role extremely

excensive in both Personnel losses and dollar cost.

The emnloyment of PPA svstems for combat

area surveillance, taraet acauisitior,, and strike control

aaeinst oatt'efield tarqets such as armor,

artillery, ann orourw-tOair defenses could helo to
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offset t se-ioun threat resJltino from the lncorroretion

of a 4 vqAncqd tAch"oloov hy the enemy. For these

t aooiicetic n rns# e f ot ivf ti n *ot cOnS1(trinq RPA

4vstef derives from t h ever-wid(eninO gao between the

firenower of rme boarsaw PAct around forces end that of

the 'IATO lifen-lars, couoled with the strennthenlng

orotective -ouno-to-air shield coverina the Pact armored

tsshult forces. C1,nreouently, in this context, the

introdjCtinr, of PPA syste-Ms Shoul be viewed as a

Comolement and sunolement to minned surveillance (i.e.,

forward air controller) and ntrike aircraft in a total force

Context, and as a heoce to cover those qituetions that will

reouire tne Air Force to oroviie vital stjocortina fires to

aroUnd forces, even though the use of conventional manned

aircraft miqht leitd to arievous losses.

ýIany miqsion functions, if they are to be performed

by unmannel aircraft at all, requuire transmission of data

in real- (or near-re;l-) time over a data link from the

vehicle to a remote control station. Thus, a new

ootential vulnerability (the dat link itself) iS

added to the tactical air-arownd strike system. This

croblem is one of a considerably different character than

has been faced hefore by tactical strike force olanners and

onerator%. IF this sense, the succecsful oceration of

the data link is not A militarily useful end Droduct in

and of itself. Presumably, however, a functioning data link

is a reQuisite comoonent of the RPA System. Thus, it would
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it ieem aoorooriatm to measure the imoaCt of the Oerformance of

the data link (i.e., the resultant of the interaction of

the enemy jemnina effort and the level of jam resistance

built into the link) in terms of the extent to which the

00.61 of the COmplete SyStem or force has been met. In the

case of a date link in a target surveillance end

Mesignation RPA, as described oreviothly, the deqradation

duo to enemy jamminq (o conversely, rhe rempdiel value of

enhanced jam resistance) could be measured in terms of the

chanoe in the numoer of t.araets detected and destroyed, or

the movement in the line of Conta•Ct of the ground ferces

beinn supported, for example. The key concePt: provide

only enouoh jam resiStJnC* to make the enemy's Jamminq

System Sufficiently comolex and costly so that other uses of

his defense tudcet 1ooear more attractive.

jj
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CHAPTF• IV. C S PFl(t.TFQFEtNTS FnR UWMANNEU ATRCRAFr

Assessino the performance Of an unmanned aircraft

C3 system in a wide ranoe of combat environments is

iifflcult. This is due, in oart to the fact that there

is no aeneral systems t"eory whic" is directly applicable

to militar-y comman(i-conrrol, the fact of the complexity of

the military orqanizationo and the fact that a military

command system r!ust manace in Deacetime and command

in Combat. T. addition, there is the lack of definition

of what ?lements should be included in a

consideration of a "command-contr,1-communications

system" for unmanned aircraft. For example:

should intelligence sensors be included or just the

informaticn flow produced by these* sensors? MuCh of

the difficulty arises from the lack of an anproaCh to

evaluatina staff oroani7ation and its operation; the

effect of qtyle Of ooeration; the 'ole of

command-control in tactical doctrine; and the impact

of military, political and soc'ial traditiong. There is

also the oroblem of evaluating the contribution which

the command-control process in itself makes to the

overall coeration of military forces. It is an essential

element of military onerations, just as tne loqistiCs,

trainino, anci weapons capability are. C2 also includes the

funcrioninq of the commander an that individual formulates
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decisions which will catire othAr elements of the militery

force to oerform 8 military ooeration.

To win inodern w'rs, the Comananled must be not only a

sound military strateoist and tactician# but also Oart

enoineer, scientist, t osvcholoqlst and loqistician.

Traditionally, the commander's main focus has been the

enemy. It is becomina imoortant that the commander

direct the same efforts toward orqanic command, controls

and Communications (C3) systems. The purpose of C3 is to

serve the commander. Made up as it is of less-than-

perfect machines, veoole, warfare communitiesp and technical

disciolines, today's C3 reouires the commander's

letailed understanding if it is indeed to serve and not

hamper operations.

C3 has been a critical ingredient in warfare

since oroanized forces first joined in battle against

other ornanized forces. It socn became apparent that

the sile whiC h could command, control, and

communicAte most• effectively possessed a critical

adventan.e. In v;orld v.ars I and I1, the great land battles,

some coverino an entire natior, .and naval engagements

encomoassing millions of snuare miles of ocean provided

innun~erable examoles of the increasing importance of C3

an-I the deiastatinn effects of its absence. Adding the

dimensions of air ind undersea orerations to warfare

only serves to emohasize and further complicate C3

reoulrements.

°'.1
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Molrn technolony has oroviled the means for raoid

anmi socuro trrnsmission of massive nuantlties of data

anm communicitions information to and from as well as within

the battlefiel ares. As with any new asset, modern

technolooical C3 reouires fine tunino to emphasize its

strenoths and avoid pitfalls in its utilizetiOn'

4 siiole view of the U. S. defense posturp is that

it inv!ves three nmcoessary functions:

1. Surveillance for the purpose of assessinq the

Cacabilities an1 status of enemy forces:

2. L. S. forces ability to react apuroopritely to

various levels of threat, nmd

3 3. Command and Control (C2) that inteqrateS the

surveillance and reaction functions and provides

for unifieo defense forces.

Altnouqh there ýro other asoects of C2 then this

simole view incticates, it is safe to conclude that the U.

S. C2 capability deoends sigr.ificantly on the

availability of information. Aithout vital information

in resconse to a crisis or threat, the nation would be

unahle to Mefend itself adeaustely. ACCordcinqly, a

major consiieration for determininq requirements of

commend, control, and communications (C0) for unmanned

aircraft systems should be to insure that the Essential

L __



Elements of Information (EET) necessary for deciton

makino are known and are made exolicit.

T ho trm "esientipl elements of information" 1s mot

new. ACC~rdinq to JCS PU1J l "EET ore the critical

items of information reqardiiiq the enemy and the

environment neeoed by the commander by a Particular time to

relate with other available information end intelligence

in or-jer to assist in reachino a looical decision."(17).

This oortion of the thesis attemots to relate the

sionificance of EEI to C3 systems and oresent a methodology

to deter-nine C3 EEI for unmanned aircraft systems.

The oroblem of determinino who needs what information

and the imolication Of determining reouirements for

unmanned aircraft CS is a orimary concern. The mechanics of

qettino essential information from one location to

another is a differe6t and significant oroblem. As such#

thiS orohlem has received an Arnropriate amount of

attention at all echelons of command and will not be

amrdresse•. In particular this information flow orohlem has

been modeled and Studied in after-the-fact

reconstruction and analysis of crisis situations. On the

other hand, the oronlem of who needs what Information during

oeeacetime conditions an well as during crisis, limited war,

general war or nucle4r war' is one which also demands

attention.

A orereauisite to effective comnand and control is

the availabilitv of oreciser accurate, and timely
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Information on which decisions Can 00 b3sed. hhat is often

not evid'mt in *1scri'hino Cl systems however, is what tyoes

of qvailibie information are truly Qerman. to what
.2

decisionq or what levels of information, creCision or

timeliness Are really necessary. This Is of earticular

concern Nince C3 SyStemS are, by design# information

driven. AS such, the fundamental criticisms for many

of these C3 ieqcriorions are the assul'otiOms that:

1. the elements of information reauired by the

decision mAker at each echelon of C2 to handle the

oarticular condition, as well as handle a transition

to another condition, are Vnown, And

2. the essential infornation is available within the

reiuireo time frame.

Sro assume the existenc' of sufficient and

immediately available data for decision making is a common

OitfalI. In soite" of the fact that soohisticatea sensor

svstem! are in existence today, there is no quarantee that

the EEI needed for a critical decision are available.

A situation cAn exist in which there is absolutely no

essential info'mation available, or, rno way of qettinq it

within a reAsoneole time frame. A more likely situation,

however, oiven current technolooy, is one where the

information is available somewhere in some form, but is not

immediately available to the Commander.

I4
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Tee'inoloemll advances in sensor end

communications q'sterq havP develooed to the Point wheop 8

ctmman-I dqCiSiOn maver can be inundated with Incominq facts

and statistics, so thit the decision orocess is imoeded

rather then aided. rechnolony has Crovided the means for

develooinq hosts of Sensor systems, each generally

S~ceoatle of contrituting something to the decision task at

hand. Determinino t•lp minimum EFI needed by the

decision maker eliminates non-essential information and
Provides a means of Meterminina the CritiCa! needs

for now unmenned aircraft sensorscommunicteions systems

develooments.

One tecnninue for determining EEI is a logic tree

that stars witn a generic statement of the mission a nd

the command level Chosen. From this statement, a set of

Minimum Fssential Functional Tasks (MEFTs) must be

dleveloceo that describes the actions or Procedures for

the cormana level and assioned mission. Each MFFT can

then be loqic3lly subdivided into more definitive

subtasks. Fhe process must be continued until a task

element level occurs suCh that the task reached is limited

to one specific subject which calls for only one specific

act i on°. *
'Nhen the t",FTs correctly represent the minimum-

functional tasks, and the factor analysis is properly

carried out, the cieces of information may then be

considered EEl. Recause EEI are develooed from MkFTs, the
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need for cape in defininq the MEFTs iI obvious. If

MEFfs are not essential to the mission, the resulting

factored information will #ontain irrelevant or

redundant elements.

The fectcrinq orocess can be viewed as a

ohasei develooment. A iminmut of three phases would be

reonuied to fully deveIOo unmanned aircraft E E.

However, tho methodolov oronosed hy this thesis goes

beyond simply mevelooina the EEI. The methodology in

extended in order to orovide connectivity to the aescriotion

of other interfaces in C' systems. The orooose# ohased

acr-roach is described helow:

1. Phase I

A

The first ohase consiste of Ling the subtasks under

each MEFT and essentimliy ask~nq the auestion, "what is the

minimurr information requireJ" to answer the su.task. For

broad subtasks, this would re t in a reauirement to

further sutdiviie un!'l a sopcific nuestion level or basic

task element is identified. These are in turn factored down

to oaslc informition elements. The end ooint for any given

factorinn chain is one or nore data elements, the EEl.

Factorina all subtasks under all MEFTs would result in a

series of factorinq chains. Each chain must be develooed

independqently in order to gain insioht into thq reouirement

for individual data elements. The factoring chains must be

.j,,,. ., . : . .. .• . .. . . ... • . ,.u • '4• •-1 r:z



reviewed to determine comnonalitv in requiremonts for the

same lata elembnts.

"2. Phase I

Given the EEl, Phase II is an evaluation of the

ouestio)ns; 1) How acCurately must the EEI be known, 2) How

timely (from event to cnmmandpr) Should the delivery of

the EEF up anef 3) HO often should the EEI be uodated

or revel i Jato1 ?

3. Phas- III

The third onase entails consideration of hOw merv EEI inm

total there miohP he aiver in a real world worst-casa

mission. This ohase would involve taking the number of EEL

oer force el ment, tarqet or event in the actual situation

4. Phase TV

Phase IV iF the initial jalidotlon of the factoring

oroceSs. One wav to use and test the EEl is to place them

in an aPorooriate contrand level involved with major

•ooerational exercises or war games. The operational

exercise or war oame trainiia %hould cover all theatern of

operation for all conditions of readiness and states of

4 7



trnsitionm. If the PEI wort- developed for a coroa

COMMtnder, thoun that commndler wou'r . the only one who

cold lecioe what information is needed to accomolish

assionP1 nissionm. The corps com der is t.e decision

maker in the war name exercise and as such must decide what

the EEL are.

5. Phasp V

Once Phases I-IV have been arcon'olirhev from the

lowest Command level to the Mation-0 C.rrmand uthority (NCA)

it is necessary to intporate a,id #eiermine what is common

an d what is un ic(ue. The 1 hajes at each levpl can be

combined ani ourled; pOoccfures, standard operating

oroCecurkS (SOPs), str4,qips ano ooctrinp car be developed

to interface and nrovir.e -or the optimum utilzation of the

EEl.

6. Plase V1

A final prise could he one which would Provioe for

EEl inteqration wit-s llied forces in NATO. This phase

would reouire additional analysis and would probably

aenerate a new set of FEI based uoon new mission

reouireeents and interfaces.

The entire oDocess is not as difficult as it may seem

at first qlance. Vost units have some oenerel concept of
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their ogrtic.iar EET, but they may or may not use or

valitrate th4 EEI. Consi'1perable time ano effort is Soent

on MOv0l0inj mc-1els and war oames throughout the

military, orivatp industry, snM the academic community.

What wou1.1 te needed t i sytematicelly cetermi me EEl for

unmnneJ Arcraft Is orchestration. The oromulqat oniom

of service comnarible quldelines, ooals end objectives

woula e necessary. Prnqress would have to be

measuree. TPe rS L It of such effort could have far

reaching imolications for the following:

I. evaluatino tho collection caoabllitles supoorting

the commanoer,

•,sizina Automated Information Handlinq Systems,

3. crioritizing Information Flow in Capacity Limited

Communications Channels or Message Centers,

Q. modelini a specific C3 system or systems, and

5. levelooment nrooosals for C3 systems and related

systems.

If a structured analysis like factoring was performed

the ability to understand and determine Penuirements

for unmanned aircraft C3 systems and oroblems would be

enhanceci. The information needs of the unmanned

aircraft C3 system woull be made e*xolicit end hence subject
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C~iAPTER V'. SwiMt~aY 'ANCO COrNCLUSIOrNs

A. SUMMA R Y

1. a Peniotely nitoted aircraft could atteck much Closerin

2. 0ul'i oreseri much less tarqet area to defendinq AAA and

3. coull del IA Y weavon r-elease until. v Pry clo0S e (and very

sure),

~I. coulteliver orrdnance directly to the tarqet, and

5.would sicanificently Pejucp any risk of Dilot loss.

T0  e'iSure A Successful RPPAooo the following

are reoulred!

I. lowest 00osslble cost of ownership.

2. simole in comcen~t.

*3. no hioh-risk tpChnolo(y.

Warspw oact Forces will be led arid emplIoyed acco rd in.g

to Sovie~t onerational doctrline Wh~ich calls for

offensive oneratimns with hiohly mobile, deeply echeloneo,



farir numerically •Joerior land forces# s-4pported ty 41 P and

Sba oc-er. Terrain ane visiility nostruCtion (such as fog,

!1," ::V ez crknosso : vorse weather, etc wi qer.epa I

Slimit rqro wtmd o rserv srs to a r an qe of 3-S k i Iometers b sy onO d

the FLOT for ooservetion and identification of hostile

forces.

This massive Pnemy threat indicates a requirement that

tMe maxi mum nmrer of forces be Ietected, identified,

anrn destroye'i nrier to engagino friendly forces.

Destruction of enemy forces can be CcCCmoliShed with

artillery, attacK heliconters, ano close air suoport, if

those taroets cAr he identified ani located with sufficient

accuracy for timely targoetin .

The RPA could held overcome onerational deficiencies

by oroviIin tfb 'hneuver commander and fire

supoort Coordinator with real-time combat information,

accurate target location, ano an observed target

ennaoement caotilitv neyond the ground lire of

sight. iuch information will enable more timely

revositiOninO of forces, more effective util1zation of I
conventional munitions, and orovide a means of target

selection And desianation for orecision quided munitlcns

(PG'As) not currently available to tne ground forces, without

subjecting mannen air:raft to the very formidable air

defense threat. I

B. CONCLUS[ONS



1. At th'e discretion of tho oround force Commander, the

enemy forces mnay he keot tinder ot~servation Utilizing

tie qIPA, t.~kem tinder conventional art ilIlery t irep

angageo by TAC A irp or be designated for attack by

PG11s, if so equioned.

?~The RP,1 system must contain a ismn resistant data link

and comm'unications interface with information systems

for tactical command and fire control.

3. An RPA system" with a oe'al-time da ta transmrission (to

include relav/r~etrarismitsion) capability can atiercOm .

line of s~coht And range- l imitations itmoosed on OPYQUcl

5¶S 01s0r S i n t e et i m the commander's me" -16 4r a

re~.omnaissance and targeýt. acoA~si-ttan xs-se~t.

J.T~ip RPA can orov ide i morovied opera.,,~a i 'etveriesa,-Iby jivinz) the qrourn zoinroarider apiSW'er, t'%.S%2" 2t" I

5. RPA systems can .iqr~i f icant Iy 'Jec,-'irase noncrodu-. t ive

amirun i tion expend i tu .-ts by or')v idi no tar-get "Tod at i om

and bur'st cor-recti~n infoemrnvrion that woQl.J otovide

stuff?'ci-ýnt accu -acy to allow s u ao'pb lri artA Iery to

fire ýor t~fc-V af'lter mnnimiil aeijuýtment.

f, In t erooe raK li it y W f th NATO Ai).r Defense 6 iil S. Air



Defense must be insured for developing RPA systems$

Ine Viernam exoerience has been uodated by more

recent Israeli aonlications of U. S. tactics end

eauioment to more dinsely deployed and modern defenses in

the -Virlle-East ii October of Iq73. U. S. suoeriority in

air crew caoahi|ltigs end more soohisticated

o'ff s~e-j~t- weenons ano tactics are Probably offset to

some extont by oreater Soviet emphasis on ground-to-air

"defense, esoecialiy in Central Eurooe. Soviet measures Such

A n sensor reJund ancy. freQuencyt diversity, mobility,

ho'dness, 'emission control, ae-• sheer umbOers limit the

effects' of post forms'of defense suporesslon. The Soviets

-are -0 so eox¢ t e I to have, supe*orP I o .e liqenc'e of U. S.

and FsATQ t.ffenssive and defensive systems. Combinina the

jdvanteSq of, takinq the initiative and bf ti.jt. security

wit.h'n, ,eAd -1.••.ntdilio'nce offers thie S viet.t

o"oonortun-ities for both 'iacti ,l nd*'"teth i.ce$ suraorie.

Va atever ccOtrines, tzcttck,. & hardware .the U. S.

irveents t use for 0efense.nuooresqion in Europe will have

ta be developed and bs. current in the theater when

hostilities eo i. ..Corommande.rs can adaot quicklY to counter

enoEy initigtives if traininq has anticioated the need to

react ou ;u c!4y to the unezoected. Therefore, 1.4 IPA ae

to bv Added to the aefente arsenal of the United States,

the Ievelooment of these assets týýuld not beqin af-ter

the ciiti-timn•f hatlIities6 The dqci.sion whe•t.)er or not

.. ....-. ,*. .. ..*. . . .. , " ,. .- . - .-,-



these RPA will herome oart of the United States defense

arsenal must 00 made now.

I ' * (
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APPFNDIX A - C! REQWIREMENTS FOR UNMANNED AIRCRAFT

The aeneric Ple'mnts ano/or functions of a

military unminned C3 system (at whatever level of

command) can De ievelooed in two ways.18J. Une is to

focus on the connitive functions of the "commander,"

(the term "commanier" representinq a single person or the

comm1n der olus st aff at any level Of the command

structure.) The socom1 is literally to list the ac.tivities

that must be occomolivhed in each of the four major

functionsWwhiCh make uo the commana-control function---

inflow of information, staff suooo-t/formulation 0f

decision/issuance of orders, ind technical machine

cuooort af information orocessing, storage, and

communication.

Consider the followinm list that may be pert of

the cc 'litive functi'jns of the commander when assigned

m litary mi310onS.

t. Perceotion of the mission and:

a) the internal well-beinq of the

oraanization;

h) threats to the 6rganiZation;

c) civa6ilities of the organization to act

within the existinq evlronment at each

moment im time;

d) reso3nse of the orqanization (both

ewoecte'1 end actual) to direction qiven.

2. DeciQion-makinn in an environrment sounded by:
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a) time const-r-aintsa

b,)', tra.iition'al resoonse patterns;

ci€) hiStr•riCal ana)ooics to current situation;

d1) oroanizational motives and qoals;

e) oerception as set forth in time
constraints.

3. Directic-n-qivinrl which is hounded by:

3) limitations inherent in human

CO.,unCcat iOn;M

h) oroanizationAl reception capabilities and
Oatter,1s;

c) oanizational caobilities at each point
in time.

The list of activities for the major function list

of- item! oerta 4 ni.nq to the oeneric component elements

of ur.itrneo aircraft commanij-control are the following:

1 In n low of Information

a. Statement of reruirements fer information

(1) to intallio#.nce units

(0) et hiaher levels of command

(b) at units situordinate to this
!eve) ot coMmand

(R) to suborminate ooorational units

(3) t3 ajacent or coooerating ooereation.l
Uni ts

b. inform3tion on own forces

(1) status of subirdinate combat and

servic" elements

(Ž) status of adjaCeot and cooperating

57



units

(3) status of octential reserves

(4) reportinc reouirements---besic# as
mooified by combat/crisis situation

(a) oeriodicity

(b) format

(c) content/type and detail of data
needeo

C. Information on the enemy

(1) from subordinate intelligence and
ooerational unitS;.

(2) from intelliqence units of higher
headouarters

(a) from all available sensors/sources
ohotintf cominto humint, elint,

radint"

(b) at all levels, command target
sensors, recce, and surveillance
systems that are survivable/robust
in terms of foreseen combat
environment

(3) reoortina on enemy caoabilities,
movement, location, communication
security, EC-M and raOar capabilities

(41) reportinQ requirements---basiC# as

modified hy combae/CriSis

(a) oeriodic'tv

(b) content/type and detail of data
needed

(C) format

(5) functions to be oerformed by total
intellioence orocess at each command
level, with sophistication and
comoleteness deoendent on size and
ca'ability of staff available

(a) collection
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C') Processing

C) analvsis

(d) reporting

(1) to commander

C?) to subordinate units

(3) to adjacent/cooperating
operational elements

(C) to hiaher headquarters

(5) security of orocess and output

2. Staff Functions in Suonort of Urnmanned Aircraft
Command-Control

a. Operations

(1) review incoming information---own and

enemy forces; environment

S(2) reoort on current status

(a) to comma~nder

(b) to other staff elements

(Cc by direction of commander, to
hiqher headquarters to adjacent/
cooneratinn units

(3) dissemin3te new orders on aoproval of
commander

b. Planninq

(1) review incoming information---own end
enemy forces; environment

(2) review current onerations to establish
base for planning future operations

(3) orepare future olans for operations

(a) at the direction of commander

(h) by own initiative

(4) review incoming information---own and

enemy forces; environment

5Q



C. [ntellioence

(I) irevlew incovingi intelligence information

(2) collati-OM

(3) analysis/estimatlnq of implications of
new information

('4) reonrt oreparation/briefinq

(a) to the commander

(t)) to other staff elements

(c) by direction of commander, to
hioher headquarters and tc

adiiacent/cooperat ing units

C5) haseed on requests from commander#
other staff elements, and cwn
initiative Prepare requirements fos-
invformat ion col lect ion

3. Commander/Decision-maker

a. Suc~oorted by actions 04 staff and
teChniCal services

(I) on basis Of commander's stated
reauirements (format, Periodicity,
dietail of content, manner of
Presentation, presentation aias, etc.)
and staff initiative, kept current on:

.(a) intelligence of enemy

(b) own force onerations/caoabllities

(C) Potential new operations/plans

(2) on own initiativye, commander maintains
Personal communications with
sobordinate commander, adjacent
commandprs, and higher headquartpr
commanders

b. Initiate activity by ocerations/planninq
Citaffs

(1) ooreoare orders for chanme ir current
oce rat ions
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(2) olan for subsequent Stages of
operetions

c. Tnitiete activity by intelliqence Staff

(1) to imrrovo operations

(2) to oain new information

d. Issue orders fer change in new ooeration&

(1) on basis of orders from higher
headquarters

(2) on own initiative, but with emrnoval
of hiiher Meadquarters as reauired

e. Control/maintain oversioht.of resoonse to
ti-is o,'@1er

(1) by requirements for reporting

(2) by use of reconnais3ance by own stiff,. members

L. Technical Suocort

a. communications---adequate 4unctioning of
communications n*twork in combat "
environment. NetworK of fccilities
Connectinn subject cormand wit" higher and
Suboreinate headauarters. Facilities must
be:

(1) adlequate to foreFeen information flow

(2J secure and/or jam resistant

() accurate in transmitting information

(4) sur;vabe/rzbust in combat
environment forbseen

bo comouter supoort

(I) Information handling

(2) decision aias

rhe above linted items are by no means a comolete

onalysiR and were offered only a; an illustration cif the

°' ,-- -- .-



me~thodoloqY arvi a rnoirit finm which~ eho develefpmoEt of

* unanned aircraft CJ recauiremnerts couldI OP refined *fter

* ~~everal iteratimms of thp coMated orocess. If A structured *

analIysis is continued usimo the ohasel aporoaePh the@

inforqlatioVm needs of the RPA C3 system wvill become

exolicit an-I hence subject to criticism and

vi'orovemen.
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APPENDIx 6 UNMANNED AIRCRAFT SYSTEM cOSr EFFECTIVENESS

An excellent cost effoctivoness study (19) of

ootentila remotely oilotel aircraft (RPA) missions

yielded the following conclusions: "Manned aircraft with

uinquided 00mbs may be accepteble for undefended

taroets, but result in extremely high miss 4 on costs sn@ crew

losSes for operation aoeinst heavily defended targets*

Aith laser-quided rombsp manned-syStem cost-effectiveness is

much improved# but air crew losses Cue to high attrition

nf the close-in desionator aircraft may be unacceptable for

heavily defended tarnets. Use of small, reusable RPA

tarnet iesionators to relace the manned designator for

delivery of laser-a•ined bombs eliminates the low

et rew survivaoility levels of the manned desiqnator, and

further reduces mission cost by a factor of four

in stronq-defense environments. An expendable air-

launched NPA Iesianator has the same effect on air crew

survivability, but- mission cost is about a factor of two

or tMree hilher, even thouah RPA launch and recovery

field oneration are Pliminated. An. RPA delivering laser-

quided bombs has thi lowest operational cost of all

systems evaluated and performs its mission without risk to a

crew, althouoh field ooprations are complicated by

addition.l command and control Iaunch, and recovery

functions. An alternative to RPA is the use of the

stand-off missiles on manndr1 aircraft with mission costs
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fifteen to twonty-five times oreater than RPA; there is some

risk to the air crows, but it is at the lowest level of all

manned syStems studied. Stand-off missiles are also

competitive in coqt with manned delivery of laser-quided

bomoq at h'ih defensive attrition levels. RPA delivering

unnu1ae• aome3 are not competitive with manned aircraft at

low aefensive attritions nor with RPA with laser-quided

bcmt"s; however# tnmv are more cost-effective than *,nanned

aircraft with unouldel bombs above an attrition level of

0.0035. IRA 1eliverinn stand-off missiles do not offer any

cost advantaQe over manned aircraft delivery systems."

"A smAll reusable PPA tarcet desiqnator equipped with

a laser to mark the taroet is an attractive and

versatile System anrid can Oe used with a number of

different lAser-directed weapon delivery systems to

orovide low mission costs and insensitivity to

defensive CaOerility. (Jae of a Boeinq 747 -tyoe aircraft as

a cArrier 4nd nlatform for delivery of lonq-rarae laser-

uineOa weaoors ooeratinn with a RPA target deSiqnator offers

a varticularly versatile and cost-effective system."

"In general, PPA missions will concern strike using

laser deslanAtion and multiple weapon delivery. To

oerform such mi5sions, the RPA will be ouid-d by automatic

means throuQh port %ns of the scenariu Oith the human

onerator Servino as a monitor ann crovidinq instructions by

mission ohase with everri6! eaoatbility for moiual control

only as this avoears to he reouired by the particularities

Jb4



Of the ituatn. Missions with other intent will also

deoond unor suionificat levols of Automation llthough

t he 0 articulr trealeoff botween onboaid Couo tateton and

ComOnuttiorn at the control site pemeins to be determined."

II
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